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Iv is somewhat difficult to give an adequate idea of the 
development of theories or pure speculations in this subject. 


Owing to the complex nature of the phenomenon, and the — 


well-nigh utter lack of observations in the region of tornado- 
formation, the earlier views were more or less crude, and 
in some particulars have been slightly modified as broader 
and more comprehensive generalizations Have been made. 
We shall be surprised, however, to find,-on a careful study, 
how few changes the last fifty years have wrought. The origi- 
nal and essential ideas of tornado-generation and of sources 
of its power remain to-day as first propounded by Espy in 
1840. Since his day, Professor Ferrel has been the most 
prominent exponent and amplifier of his views; and, with 
very few exceptions, theorists have followed Ferrel down to 
the present time. In many respects it would be a great advan- 
tageif one could give an impartial and trustworthy summing- 
up of the views of these men, and could bring out distinctly 
their gradual development. It will be far safer, however, 
since there are scores of students to-day who call in question 
many of these deductions, to give, as far as possible, an un- 
biassed résumé of these theories in the exact words of their 
defenders, and thus enable any one for himself to examine 
their adequacy for explaining the phenomena as they are 
manifested before our eyes. 


Espy’s Views. 


It is not a little remarkable that the first investigator of 
any note in this field based all his theories on direct experi- 
ment in the laboratory. All theorists since Espy’s day have 
not considered that there was any need of propounding any 
of these questions to Nature herself, but have contented 
themselves with the assumptions and necessarily imperfect 
and crude results obtained by the first experimenter. This 
is the more remarkable when we consider the extreme grav- 
ity of the subject, and the methods employed in all other 
sciences, except meteorology, to establish upon a firm and 
impregnable basis such profound and far-reaching theories. 
Espy’s few and simple experiments at almost the very dawn 
of this science have never been repeated by theorists as far 
as the writer is aware. This one fact would seem of the ex- 
tremest importance; and when we see, further, that even 
Espy himself was entirely unable to account for some of the 
anomalies in these very experiments, we can but feel the ex: 
treme necessity of further light. This feeling has borne 
fruit in other countries, as is shown by the diligence recently 
manifested in researches with rapidly revolving fans, which 
cause a supposed simulation of the phenomena in nature. 

While we can never hope to completely unravel the myste- 
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ries hidden in our storms until we question Nature herself in 


her own great laboratory, yet we can insist upon an examina- ~ 
tion of the original researches used as a basis for these theo- 
ries, and demand a determination of their adequacy upon 
which to base the completer speculations of modern times. 


Nephelescope. 


The snails Espy used he called a ‘‘cloud-examiner.” 
It consisted of a glass cylindrical vessel, having attached to 
it by an opening at the top (1) a condensing syringe, by 
which the air in the vessel could be compressed; (2) a glass 
U-tube half full of mercury, by which the amount of com- 
pression could be measured; (3) a stop-cock between the 
syringe and the vessel. ‘‘After the instrument is charged, 
the stop-cock is turned, and the pump removed. When the 
air within acquires the temperature of the air without, a 
measure is carefully applied to the barometer gauge to ascer- 
tain how much higher the mercury stands in the outer leg 
than in the inner; the stop-cock is then turned, and the air 
permitted td escape; and at the moment of equilibrium the 
stop-cock is closed again. Now, as the cock is closed at the 
moment the greatest cold is produced by expansion, the mer- 
cury in the outer leg will begin to ascend, and that in the 
inner leg to descend, because the air within receives heat 
from without; and the difference of level, being measured 
as before, will indicate the number of degrees cooled by a 
given expansion. When dry air is used in the experiment, 
the temperature is reduced about twice as much as when 
moist air is used, on account of latent caloric evolved in the 
latter case by the formation of cloud which is plainly visi- 
ble.” Saturation of the air was attempted by placing a little 
water in the bottom of the vessel. The amount of com- 
pression varied from two to twenty-five inches; that is, the 
gauge indicated an increased pressure inside the vessel, 
amounting in-some instances to nearly that of an atmos- 
phere. These experiments were certainly unique; and, 
while we shall see that they by no means prove Espy’s the- 
ory, yet they must be regarded as a step in the right direc- 
tion, and a faithful effort to elucidate a most complex prob- 
lem. As all clouds in these experiments were formed by ex- 
pansion of compressed air, it is not a little remarkable to 
read the following as Espy’s method of forming clouds, given 
by Professor Ferrel: ‘‘As Espy with a few strokes of the 


handle of an air-pump produced a cloud in the receiver from 


the expansion and cooling of the moist air within, so nature, 
by means of a whirl in the open atmosphere, producesacloud - 
in the vortex of a tornado, from the expansion and cooling 
of the air there, on account of the partial vacuum caused by 
the centrifugal force of the gyrations.” It is entirely prob- 
able that the rapidity of this expansion and consequent cool- 
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ing was very much greater than can ever occur in nature. 
It is also probable that his air was far from saturation, and 
that the cloud he saw was due to dust which was pumped in. 
Experiment has shown that such a cloud can be formed in 
quite dry air, provided the expansion is quick enough. 

One very important element does not seem to have been 
considered, and that is the velocity of escape of the com- 
pressed air needed to form a cloud. It is probable that this 
was more than five hundred feet per second, or at least fifty 
times as great as can ever take place in the formation of 
cloud in our storms. It is a little singular that Espy him- 
self did not discover more than he did. He found, that, 
while the results he obtained with dry air were very regular 
and constant, yet with moist air they were just the con- 
trary; and the irregularities seemed to depend in part upon 
the interval after the compression, before: the escape of the 
air. 
the first column, the number of minutes after compression, 
before opening the stop-cock, and, in the second column, the 
ratio between the amount of compression and the final read- 
ing of the gauge. In dry air this ratio was found to be from 
four to five; so that if Espy’s statement just given is cor- 
rect, that the temperature with dry air is reduced twice as 
much as with moist, the ratios should be eight to ten in 
this second column, according to his reasoning. 


Minutes. Ratio. Minutes. Ratio. 
13,160 4.2 360 6.9 
10,080 T.u 180 7.8 

7,200 4.5 180 6.9 
5, 760 4,5 180 7.4 
5, 760 4.2 180 7.0 
5,040 4.3 90 6.9 
4,320 4.4 60 7.4 
4,320 4.5 60 74 
1,800 4.4 15 5.5 
1,680 4.5 10 7.8 
1,200 4.7 10 5.1 
1,080 0.0 


Espy considers this result, ‘‘so contrary to all our notions 
since the experiments of Dalton on the subject of the dew- 
point,” very remarkable. 

We have not all the data needed to give a complete ex- 
planation of Espy’s results, but this much we do know: if 
Espy had allowed a slower escape of the moist air, there 

would have been no cloud, and he would have had no dif- 
ference between dry and moist air. When the explosion 
was very sudden, a cloud was formed, and the conditions 
inside the apparatus were very different from those with dry 
air, but not because of the liberation of latent caloric. At 


the end of ten minutes he found the ratio much smaller, ap-— 


parently, than at the end of an hour or two; and after that 
the ratio diminished until it became exactly what it was in 
dry air. It is plain that this final result could not be at- 
tributed to the gradual non-saturation of the air, as Espy 
thought. There are no other experiments made by Espy 
under exactly similar conditions of temperature in moist and 
dry air. The evidence is conclusive, from these and other 
more recent experiments by the writer, that practically no 
different result will be produced, whether moist or dry air 
be introduced into the nephelescope. 

I have dwelt upon these experiments at some length for 
the reason that they form the sum and substance of all ef- 
forts in this line up to very recent times. 
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Upon these experiments depend all of Espy’s theories as to 
tornado-formation, and he has been quite closely followed in 
all views as to the essence of the forces underlying our most 
violent tornadoes. Mr. Espy gives the following résumé of 
his theories as ascertained and promulgated by the French 
Academy of Sciences :— 

‘Tf a very extended stratum of warm and humid air at 
rest covers the surface of a region of land or sea, and by any 
cause whatever (for example, a less local density) an as- 
cending current is formed in this mass of humid air, the as- 
cending force, instead of diminishing in consequence of the 
elevation of the rising column, will increase with the height 
of the column exactly as though a current of hydrogen was 
rising through the common air, which current would be 
pushed towards the top of the atmosphere with a force and 
velocity in proportion to its height. This column of heated 
air may also be compared to that in chimneys and stove- 
pipes, of which the draught is in proportion to the height of 
the pipe containing the warm air. What, then, is the cause 
which renders the warm and humid ascending current lighter 
in each of its parts than the air which is found at the same 
height with these different portions of the ascending col- 
umn? 

‘‘This cause, according to the sufficiently exact calculations 
of Mr. Espy, is the constantly higher temperature which the 
ascending column retains, and which proceeds from the heat 
furnished by the partial condensation of the vapor mixed with 
the air, making this ascending column a true column of 
heated air, that is to say, of a lighter gas; for the weight of 
the water which passes into the liquid state is far from com- 
pensating the excess of levity which proceeds from the more 
elevated temperature which the air preserves. 

‘‘Thus the higher the column is, the greater is the ascend- 
ing force; and the rushing-in of the surrounding air on all 
sides will be produced with more energy. To understand 
this effect better, let us consider a mass of warm and dry air 
rising in the midst of a colder atmosphere. 
as this air rises it will expand, because of the less pressure 
which it will experience, and consequently become colder; 
it will arrive then quickly at an equilibrium both of tempera- 
ture and pressure with a layer more or less elevated, which 
it will soon reach, and in which it will remain; but if this 
only cause of cold, expansion, is overbalanced by a cause of 
heat (for example, the heat furnished by the vapor which is 
condensing), this air will remain constantly warmer than 
would have been necessary to attain the same temperature 
and pressure as the surrounding air. It will then be con- 
stantly lighter; and the higher the column, the greater the 
ascending force.” 

This statement contains, perhaps, as clear a view of Espy’s 
theories as can be obtained. There are, however, one or two 
additional opinions, regarding tornadoes specifically, that 
should be mentioned. Mr. Espy says, ‘Suppose a receiver 
(Fig. 4) only a few hundred yards in diameter, but so lofty 
that its top would reach to where the barometer would stand 
at 10 inches, and that it contained air about 25.25°, for ex- 
ample, hotter than the air on the outside, this latter being 
at a mean, 32°. The column of air then in the inside of the 


In proportion 


receiver would be expanded of the whole, or one- 


25.25 
505.25 
twentieth of the whole bulk. Now, as theair on the outside 
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of the receiver, from the surface of the earth to the top of 
the receiver, weighs 20 inches of mercury, the air on the 
inside will weigh only 19 inches; and of course it will be 
pressed upwards against the upper end of the receiver ata 
with a force of about half a pound on the square inch, the 
bottom of the receiver being open at c. | 

‘“‘Also, if a barometer should be placed in the inside at the 


top a, it would stand an inch higher than one on the out- 


side at the same height: therefore, if a small hole should be 


made in the top of the receiver, the air would spout out with 


a velocity due to a head of pressure equal to one inch of 
mercury. This is equal in weight to about 900 feet of air of 
mean density at the earth’s surface. The velocity with 
which it would spout, on supposition of its having this den- 
sity, will be found to be 8 4/900 == 240 feet per second (164 
miles per hour). But the air at the top a is only one-third 
the assumed density, provided no allowance is made for tem- 
perature; and as the velocity of spouting fluids under equal 
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pressure is inversely as the square root of their densities, the 
real velocity with which the air will spout out at a will be 
240 1/3 == 415 feet per second (283 miles per hour). 


“If, now, we suppose the whole top of the receiver to be 


taken off, the velocity will be the same, if there is no fric- 
tion up the sides of the receiver, and the air gets freely in at 
the bottom; an allowance, of course, being made for the re- 
action of the air in the upper part of the receiver on the air 
below, in consequence of the velocity increasing all the way 
up. If we remove the entire sides of the receiver, it is mani- 
fest that the heated column of air, which we suppose to be 
the same as before, would spread out laterally in ascending, 
in the form of an inverted cone, or mushroom, as exhibited 
by the dotted lines p, s, n, e. 

‘When the air near the earth’s surface becomes very mich 
heated, or very highly charged with aqueous vapor, such an 
ascending column as is here imagined may actually take 
place, and be kept up for a long time. The difference of 
temperature of the ascending column and that of the atmos- 
phere through which it passes may be much greater than that 
here supposed, partly caused by its greater temperature be- 
low, but chiefly from the great quantity of latent caloric 
evolved by the condensation of vapor into cloud.” 
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tendency; 2. A constantly acting force. 


-with increase of altitude is reduced, 
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These uetdions might be multiplied by the score; but 
enough has been given to show that Espy relied upon his 
experiments with the nephelescope for the facts upon which 
to base his theory, and that, according to his view, the set- 
ting-free of. latent caloric by the condensation of moisture in 
an uprushing current was the principal factor to be consid- 
ered in tornado- ‘generation. 


Ferrel’s Views. 


Professor Ferrel began writing upon mathematical theo- 
ries in meteorology more than thirty years ago, and it will 
be of some interest to quote from both the earlier and later 
works. According to these earlier views, we may consider 
that there are two forces acting in the production of a tor- 
nado or hurricane: 1. A primitive impulse, such as an ab- 
normal heating of the air, thus giving rise to an upward 
“This force (2) 
may be furnished by the condensation of vapor ascending in 
the upward current in the middle of the hurricane, in ac- 
cordance with Professor Espy’s theory of storms and rains. 
According to this theory, all storms are produced by an as- 
cending current of warmer atmosphere saturated with moist- 


ure, and this current is kept in motion by the continual rare - 


faction of the atmosphere above by means of the caloric 
given out of the vapor which is condensed as it ascends to 
colder regions above. The violence of the hurricane, and 
also its duration, depend upon the quantity of vapor sup- 
plied by the currents flowing in below” (see Nashville Jour- 
nal of Medicine and Surgery, 1856). 

Again: ‘' The preceding condition, found in the unequal 
distribution of temperature, must be regarded simply as a 
primary cause of disturbance, giving rise merely to the ini- 
tial cyclonic disturbances; for without other conditions, 
depending upon the hygrometric state of the atmosphere, and 
upon the rate of decrease of temperature with increase of 
altitude in the atmosphere generally in which the cyclone 
exists, we would have no cyclone of long continuance or of 
much violence. If air is saturated with vapor, after ascend- 
ing to only a moderate elevation, its tension and tempera- 
ture are so much diminished that the vapor is condensed 


_ into cloud and rain; and the heat given out in the conden- 


sation of the vapor as the air ascends prevents the rapid 
cooling which takes place in dry air, and the rate of cooling 
in ordinary tempera- 
tures and elevations, to less than half of what it is in dry air. 
Tornadoes are simply very small cyclones, extending over 
so small an area that the effect of the earth’s rotation has no 
sensible influence; and the gyrations arise from a disturbed 
state of the atmosphere in which the tornado occurs, which 
renders it impossible for the air to flow from all sides to- 
wards a centre without running into gyrations around that 
centre.” An illustration of this principle is given in the | 
flow of water from a basin by an opening at the bottom. 
‘*Tn a tornado the diminution of pressure and tension in the 
centre arises almost entirely from the centrifugal force. On 
account of the rapidity of the gyrations near the centre, this 
diminution of pressure may be very great there, while ata 
very short distance from the centre it is imperceptible. 
When these gyrations begin above, as they usually do, since 
the air there is most frequently in the state of unstable 
equilibrium (i.e., having a tendency to rush upward), they 
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gradually extend downward; for the gyrations cause a great 
diminution of tension and of density, and the air conse- 
quently in the centre rushes up with great velocity, and that 
below of the still unagitated strata is drawn in to supply its 
place, which: likewise runs into gyrations around the centre, 
so that the gyrations in a very short time extend down to 
the earth’s surface. The whole column of gyrating air is 
like a tall flue containing very rarefied air, the centrifugal 
force of the gyrations acting as a barrier to prevent the 
inflow of air from all sides into the interior; and if the 
gyrations at the earth’s surface were as rapid as those above, 
it would be similar to such a flue with all the draught cut 
off. 

‘‘But very near the earth these gyrations, and conse- 
quently the centrifugal force, are very much diminished on 
account of the friction at the surface, and this allows the 
air to rush in quite near the surface to supply the draught 
of the interior ascending current” (see American Journal 
of Science, July, £881). 

These views are repeated or amplified in “‘ Recent Ad- 
vances in Meteorology ” (1886), with the following sugges- 
tions added: ‘‘ When the air expands as it is heated, it re- 
quires a greater quantity of heat to raise its temperature 


through 1°, since in this case work is done, and it is done 


at the expense of heat supplied. An additional amount of 
heat, therefore, the equivalent of the work done, has to be 
supplied.” ‘‘The complete temperature conditions of a 
cyclone, therefore, rarely extend down to the earth’s surface, 
but the interchanging and gyratory motions, commencing 
first up in the cloud regions, are soon propagated downwards 
to the earth’s surface by the action through friction of the 
upper strata upon the lower ones.” Speaking of unstable 
equilibrium, we find, ‘‘ Currents of air at the earth’s surface 
which come from a warmer latitude are caused to flow 
under the colder upper strata, where the normal motion is 
nearly eastward. In the south-east octant within the 
cyclone, the surface currents are from the south, bringing 
warm and moist air northward under the cold-air currents 
above from the north. This increases the temperature 
below, and decreases it above, and gives rise to the large 
vertical gradient of temperature, decreasing with increase of 
altitude, which is necessary to the unstable state.” 

A few final quotations are made from ‘'Popular Treatise 
on the Winds” (1889) :— 

‘‘The pressure near the centre of tornadoes becomes very 
much diminished, and in their passage over a place there is 
sometimes a very sudden change in pressure. Corks fly 
from empty bottles, cellar-doors are burst open against the 
force of a strong wind blowing against them on the outside, 
the walls of houses are thrown outward on all sides.” ‘‘The 
direction of the general drift of the air is very nearly that of 
the progressive motion of the tornado, and so mostly from 
south-west to north-east. The velocity of this is always con- 
siderable in comparison with, though generally much less 
than, the gyratory velocity of the violent part of the tor- 
nado.” Professor Ferrel quotes a statement regarding the 
fall of trees in the Gentry County tornado: ‘‘Those on the 
south (right-hand) side of the centre were pointing to the 
east and north-east, and even north-west when very near 
the centre. On the north side they were pointing north- 
west, west, south-west, and south-east.” | 
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Hail-Storms. 


‘A hail-storm is simply a tornado in which the ascending 
currents are so strong, and reach so high up into the upper 
strata of the atmosphere, that the raindrops are carried up 
into the cold regions above, where they are frozen into hail.” 
The theoretical velocity needed to keep up a hail-stone 2.58 
inches in diameter is one hundred miles per hour. The fall 
of rain and hail is said to always precede the tornado by ten 
to thirty minutes. 


Thunder-Storms. 


‘The fundamental conditions of thunder-storms, as of cy- 
clones and tornadoes, are the state of unstable equilibrium, 
at least for saturated if not for dry air, and a high relative 
humidity. In what are usually called thunder-storms, the 
conditions are nearly or quite absent which give rise to a 
gyratory circulation over a large area, such as takes place in 
the case of cyclones, and usually the conditions are wanting 
which give rise to small local and violent tornadic gyrations, 
though most tornadoes are thunder-storms. According to 
Finley, ‘‘of 473 cases in which the atmospheric conditions 
preceding tornadoes were observed, 410 were reported as vio- 
lent thunder-storms.” If the air is in the unstable state, and 
over a given circular area is a little warmer and lighter 
than that of the surrounding parts, there is set up a vertical 
circulation, with an ascending current in the interior, and 
an incoming current from all sides in the lower part of the 
air, to supply the ascending current. In the interior as- 
cending current the height of incipient condensation and of 
the base of the cloud depends upon the depression of the 
dew-point of the air; and the aqueous vapor above that 
height is condensed, falls as rain, and cools the air through 
which it falls, until its temperature is lower than that of the 
surrounding air. This central cooled air, being now heavier 
than the surrounding air, both on account of its greater 
density and the amount of falling rain pressing on it, now 
gradually settles down, and causes an outward current in all 
directions from the centre. If there were at any one time 
rain and hail falling with uniform velocity equivalent to a 
rainfall of 13.6 millimetres in depth, it would increase the 
barometric pressure 1 millimetre; and from this alone would 
arise a squall with a velocity of about 34 miles per hour, 
making no allowance for friction.” 

More than two thousand pages have been perused in mak- 
ing these quotations. While no one person, perhaps, could 
give a perfect résumé of such amass of matter, yet itis hoped 
that no important theory has been omitted. 


Faye’s Views. 


It is necessary to mention one other theory that has been 
maintained by M. Faye of Paris. He has made a study of 
the appearances on the sun around his spots, and has been led 
to conclude that action in terrestrial storms is analogous in 
many respects. He thinks that this action originates in the 
upper atmosphere, and is propagated downward to the 
earth. A storm is practically a whirl in the swift-moving 
easterly current, similar to whirls in streams where an ob- 
struction exists. This theory calls for a single remark. 
There does not seem to be a cause existent in the atmosphere 
in any degree adequate to set up such a whirl, unless we ap- 
peal to some force outside of the motion of the upper cur- 
rent. The transfer of the origin of the storm to the upper 
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current is satisfactory, and we have seen that Professor Fer- 
rel has done the same thing in his later studies. The fatal 
objection to Faye’s view is, that a downrush of air must 
necessarily cause its heating; and it has been proved that in 
such a case there can be no condensation of vapor and pre- 
cipitation, but just the reverse. | 


Objections. 


T am well aware that the position of an objector is an un- 
enviable one, and to be avoided if possible. It seems to me, 
however, that all modern theories of tornadoes have in- 
trenched themselves behind such.a flimsy breastwork of fact 
that they can be regarded as little more than the ‘‘baseless 
fabric of a dream,” and it is very important that the utter 
valuelessness of these supposed experiments be demonstrated. 
An attempt has been made to give, as nearly as could be 
done in so short a space, all the theories that have had their 
origin in Espy’s experiments, and it is my purpose to exam- 
ine these a little in detail. | 


Nephelescope. 


The earlier form of this apparatus just described was su- 
perseded some years later by a double instrument, with 
which very extensive researches were made. These later 
experiments were much more complicated than the earlier, 
but, when properly interpreted, do not seem to lead to any 
different conclusions. It has already been shown that Espy 
was entirely misled by his results, and that, if they show 
any thing at all, they show that moist air did not behave 
differently in his apparatus from dry. Somewhat the same 
line of research, carried on by the writer with the best of 
modern appliances, has shown conclusively that no different 
result is had on the condensation of cloud from moist air 
than from the expansion of air in which no cloud is formed 
(see American Meteorological Journal, September, 1889). . 


Summation of Theories. 


In tornado-generation there must be (1) a primitive im- 
pulse or an unstable equilibrium, brought about (@) by a 
local diminution of density, or (b) by an abnormal heating of 
the air near the earth, or (c) by a warm current from the south 
underrunning a cooler from the north; (2) a constantly act- 
ing force furnished by the condensation of vapor in an up- 
rushing column of warm, moist air, which produces rarefaction 
by means of the caloric given out of the vapor; (3) work per- 
formed by the uprushing air in pushing aside the atmos- 
phere into which it expands; (4) gyrations of great velocity 
from right to left set up in the uprushing air, which, from 
the centrifugal effect, produce a great diminution of press- 


ure (corks fly from empty bottles, cellar-doors are thrown 


off, whole houses burst open, etc.); (5) a violent inrush of 
air into the partial vacuum in the centre, the whole effect 
being likened to that of heated air rushing into a flue or 
chimney; (6) an origin of these motions in the cloud region 
from which they are gradually propagated to the earth by 
the action through friction of the upper strata upon the 
lower; (7) a progressive motion of the tornado in the direc- 
tion of the general drift of the atmosphere from south-west 
to north-east; (8) frequently a passing from a severe thun- 
der-storm into a tornado. 

Let us consider each of these theories in turn. 

1. A Primitive IMPuLsE.—It is a mistake to suppose that 
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the sun heats any particular locality, whereby circumscribed 
ascending currents are set up. The hottest part of the day, 
that is, the time during which the heating effect is greatest, 
is about one hour, so that the heat of the sun acts uniformly 
upon a circle about a thousand miles in diameter. This 
heat acts only upon the earth’s surface, and that in turn 


upon a layer of air only a few feet in thickness, as has been 


proved by experiment. To.avoid these difficulties, it has 
been suggested that warm south wind underruns that which 
is cooler from the north. This, however, is an impossible 
condition, for the denser must always be beneath the lighter; 
moreover, as we have seen before, the clouds are always in 
the same direction as the lower wind. Finally, by (7) we 
see, that, if the tornado drifts in the upper current from 
south-west to north-east, that current certainly cannot be 
from the north: 

2, 3. CONDENSATION OF VAPOR, AND WORK PERFORMED. — 
There is nothing in the science of meteorology, or possibly in 
any physical science, that has been developed from such a 
worthless origin as this theory of the liberation of energy on 
the condensation of moisture. We have already seen that 
Espy’s own researches contradicted themselves. Ought we 
not to be allowed to theorize a little on this question? 
The most important effect of the liberation of latent heat 
is conceded to be the heating of the air, which produces a 
marked diminution of density. In cooling any air, we must 
consider the heating effect upon the surrounding air; that | 
is, if a mass of air is cooled, the heat must be used up either 
in performing work or in heating other air. Take a cubic 
foot of saturated air at 80°, and cool it down to 79° by 
expansion: moisture is condensed, and latent heat becomes 
sensible. For the sake of the argument, let us suppose that 
a fraction of this heat is used in performing the work of ex- 
pansion. The remainder of the heat will warm up, let us 
say, a cubic foot of air near by to above 81°, thereby ren- 
dering it no longer saturated. We shall have, then, one 
cubic foot of air at 79° and saturated, and another at above 
81° and unsaturated. If we mix these; we shall have two 
cubic feet of air at just above 80° and unsaturated, and this 
must be cooled below 80° to saturate it; so that the air in no 
wise is heated by the liberation of latent heat. 

We may look at this from another standpoint. The lib- 
eration of an infinitesimal amount of latent heat from the 
condensation of moisture would be just sufficient to re- 
evaporate the condensed moisture, so that no heat could be 
spared for heating the air. Even if a portion of the heat is 
used up in performing work, it is very plain that that could 
not be used in heating the air. Surely, no one thinks for a 
moment that this heat from condensation can be used for two 
purposes, each of which must take all of it at the same time. 
This reasoning is so obvious, that it is difficult to see how the 
force of it can be avoided. We have arrived at precisely the 
same result both by most careful experiment and by an un- 
answerable train of reasoning. The proof is overwhelming 


| that this great source of energy amounts to nothing. 


The following language, recently used by Professor Davis, 
seems very remarkable. When the air is warm and satu- 
rated,“he says (American Meteorological Journal, Decem- 
ber, 1889), ‘‘a given amount of cooling causes a larger 
amount of condensation than the same cooling of cold satu- 
rated air. This is thoroughly in accord with well-tried 
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physical principles; it has been abundantly tested by experi- 
ment, both on a small scale in the laboratory, and, as we 
may say, on a Jarge scale in nature; it is universally ac- 
cepted by men eminent in physical study, whose original 
ability and careful, studious work have led them to be re- 
garded as authorities in their science, but who, being au- 
thorities, have not thereby become arbitrary and irrational. 
It is therefore difficult to understand why the question 
should be so confused by Hazen in the American Meteoro- 
logical Journal, September, 1889.” 

We have already seen that these so-called authorities have 
tried no personal experiments,—at least, Ferrel does not al- 
lude to any such experiments,—and have been entirely mis- 
led by a few crude and contradictory researches. Is it not 
high time that this appeal to authorities be done away with? 
One of the main arguments advanced in support of storm 
theories is that such men as Ferrel, Hann, Mohn, and a 
host of others, are agreed,—agreed, however, as we have 
seen, upon exceedingly unsatisfactory evidence. Professor 
Davis suggests that these theories rest upon experiments, 
‘fas we may say, on a large scalein nature.” This certainly 
is far from the truth. All the reasoning regarding the 
diminution of temperaturein dry and moist air as we ascend 


in the atmosphere is founded upon purely theoretical con- 


siderations. Every experiment, whether in the laboratory 
or in nature, has proved that these theories, 
and substance, are false. Bnt there is no use in arguing 
this question. I am so confident of my position in this con- 
troversy, and have become so deeply interested in studies 
regarding it, that I propose risking a little money upon it. 

I will give a hundred dollars to the first physicist who 
will show that Espy’s observations and experiments with 
the nephelescope, as published in his ‘‘ Philosophy of 
Storms,” giving the effects of expansion in moist and dry 
air, when properly interpreted, prove his theory. 

It will be necessary to show,— 

1. That the rise of mercury in the gauge after expansion 
was entirely due to heat from outside. | 

2. That the speed of expansion Espy used, or the amount 
of cooling from expansion, was comparable to the probable 
speed of expansion in the free air. 

3. That by placing water in the bottom of the nephele- 
scope the air would be saturated. 

4, That air, under the conditions observed by Espy, will 
lose its dew-point or become unsaturated to the extent of 
four or five degrees in twenty hours. 

5. That the cloud Espy observed was not largely formed 
by dust pumped into partly dry air. 

6. How, if the heat liberated on condensation of the 
moisture is used in performing the work of expansion, there 
can be any heat from that source for expanding the air. 

7. Why, if there is any latent heat set free on condensa- 
tion in saturated air, it would not at once re-evaporate the 
condensed moisture, or heatthe surrounding air to an unsat- 
urated state. | 

8. That if latent heat is set free on the formation of a 
cloud in the nephelescope, its effect does not disappear at 
the moment the cloud disappears, provided none of the moist- 
ure settles to the bottom or sides of the nephelescope. | 

9. By means of delicate thermometers, that there is not 
practically the same effect upon the air, as regards heat, in 
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expansions like these, whether we use dry or moist air, or, 
what is the same thing, disprove the experiments and state- 
ments made in the American Meteorological Journal, Sep- 


tember, 1889. 
[Continued on p. 358.] 


MENTAL SCIENCE. 


Motor Hallucinations. ! 


_ THE hallucinations most frequently recognized are those’ of 
sight and hearing. Something is seen that has no objective ex- | 
istence, or something is heard when no sound is made. There is,. 
however, another form of hallucination to which attention has | 
been directed. In the hallucinations connected with language, all 
these varieties are evident. Imaginary words are seen or heard, 
and they may also be felt as movements. One patient, subject to 
all kinds of hallucinations, perceived internal voices compelling 
her to do and say things against her will; but there was no sound 
emitted, and the patient perceived the sense of the words by the 
movements impressed upon her tongue. Several other cases have 
been reported in which messages are received, not by sight or 
hearing, but by the feeling of movements in the articulatory 
apparatus. In one case this was unaccompanied by any other 
mental defect, so that it was a pure case of verbal hallucination. 
of this motor type. This hallucination has its seat probably in the 
third frontal convolution, the same part that is affected when 
motor aphasia sets in, — a condition in which the patient is able 
to understand written and spoken words, but is unable to give 
expression to his thoughts for lack of the association between the 
words and the motor feelings in the organs where those words are 
to be formed. The hallucination thus arising may be of various 
degrees of cogency: it may be entirely sensory, or there may be 
slight movements of the articulatory apparatus, or there may be 
an irresistible tendency to speak the words that are imparted to 
the tongue. Moreover, there sometimes occurs the hallucination 
that the patient is speaking, and yet he utters no word. Here 
there is in part an auditory hallucination, but also in part a motor 
one; for the patient has the feeling of having made the movements. 
necessary for speaking the words. 

While the special development of speech makes the motor hallu- 
cinations of speech unusually prominent, they are by no means. 
limited to this type, but may occur in any field of motor action. 
While sleeping, we often have the feeling of going through fatigu- 
ing and complicated motions, when in reality no movement takes: 
place. This is likewise to be referred to a stimulation of these 
cortical centres. Similarly we dream of falling down a precipice 
or of flying, — hallucinations equally freyuent in insanity. It is 
not unlikely that this was the basis of the flights through the air 
of the witches and those possessed. A special class of these sen- 
sations arising from the stimulation of a central organ is to be 
found in cases of amputation. It is well known, that, when an 
arm or a leg has been lost, the person still retains all the feelings 
The hallucination is at times so definite that. 
the clinching of the separate fingers may be felt, though the arm 
and hand have been gone for years. Out of ninety cases, there 
were only four who did not describe these hallucinatory sensa- 
tions. While these hallucinations are in part sensory, there are 
also motor. Some feel the movements in the absent hand, de- 
scribing its position as in the act of grasping, of writing, and so 
on. The seat of these sensations is doubtless in the brain and in 
those portions from which the innervation Ee arose when 
the limb was intact. 

With regard to the genesis of the Eailaciontious: we seem war- 
ranted in assuming three stages in their formation. The first is. 
central, and consists in forming a sensory image of the move- 
ment; the second is centrifugal, and consists of an impulse from. 
the centre to the muscles and nerves; the third is centripetal, 
indicating that the peripheral organs of locomotion have under-. 
gone the changes due to the movement. That the last stage is. 
not necessary to the production of the motor hallucination is. 
shown in the case of the amputated limbs and elsewhere. We 


1M. Tamburiai, in Revue Scientifique, May 10, 1890. 
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find, too, that all of the types of motor hallucination are ex- 
plicable as central irritations of these centres, in which these— 


different factors are present in various degrees. The nature of 
these centres would in each case be. both sensory and motor; and 
the hallucination, if properly analyzed, would also be of the 
mixed form. : 


Color-Vision and Color-Blindness. 


Mr. R. Brudenell Carter,! in a lecture before the Royal Institu- 
tion, outlined the position of modern science upon this important 
topic, and from his remarks the following points may be selected : 
the perceptive layer of the human retina consists of rods and 
cones; in the centre of the retina, only cones occur; in aring around 
this, each cone is surrounded by a circle of rods; and as we recede 
from the centre, the proportion of rods to cones becomes larger 
and larger. There is good reason for believing that color-vision 
is limited to the cones, and certainly the perception of color is 
best where the cones are most numerous. Nocturnal animals 
have a less perfect development of cones than diurnal ones. The 
limitations of the color-sense on the human retina are very con- 
siderable. The color-sense is complete for three fundamental 
colors of the spectrum for not more than thirty degrees of the 
field, is limited to red and violet in a small ring outside this field, 
‘and from there on is sensitive only to differences of light and 
shade. In the lower animals, especially in those having their 
eyes more on the side of their heads and possessing acute vision, 
we find a power of perceiving colors over a much larger area of 


the retina; and this is associated, as has been shown fn birds, in | 


some reptiles, and in fishes, with a more abundant and more even 
distribution of the cones over the retina. There has recently 
been observed upon the cones of some birds, globules of a colored 
oil, which transmit only light of their own color; and green, 
orange, and red drops prevailed in the birds examined. Why this 
is so remains to be determined. 

When the condition that exists normally in the outer zones of 
the retina exists also in the centre, we have color-blindness; but 
such a degree of color-blindness is rare, if indeed it exists at all. 
The more common defect is that which exists in the zone sur- 
rounding the fovea; that is, a blindness to green. Such persons 
can distinguish violet and yellow, and they can see red, but 
cannot distinguish it as a color from green. The most common 
defect, however, is a blindness to red; and an extremely rare 
form is blindness to violet. The Young-Helmholtz theory re- 
gards the defect in the red-blind person as a paralysis or an ab- 
sence of the red-perceiving elements in the retina. To sucha 
one, spectral red is not absolutely invisible, but appears as a green 
of feeble luminosity, and the brightest part of his spectrum is in 
the blue-green. When green stimulates the eye of the green- 
blind, there results the white of the green-blind, which to ordinary 
eyes is sort of rose-color. To both red and green blind, then, 
these two colors are indistinguishable, the only difference being 
that to the red-blind the red, and to the green-blind the green, 
seems, in comparison with the other, of feeble luminosity. By 
looking at colored objects through a glass of peacock-blue the 
colors will appear somewhat as they do to ared-blind person, and 
by looking at them through a purple glass they will appear some- 
what as they do to the green-blind. These defects exist in about 
four per cent of the male population, and in about one-tenth of one 
per cent of the female. 

With regard to the dangers resulting from the placing of color- 
blind persons in responsible positions, it is easy both to exaggerate 
and to underestimate them. We naturally think of the railway 
and marine service, in which colored signals are used; and it is 
certain that a considerable number of those thus employed suffer 
from this organic and therefore incurable defect. We would be 
apt to think that such persons would at once reveal the defect, 
and thus be released from duty. We must remember, however, 
that the existence of this defect remained unknown until about a 
hundred years ago, and that it is often concealed by the correct 
use of color-names, —a rather easy art for the color-blind to ac- 
quire. And, again, these persons always know where to look for 
a Elena: and hence under ordinary occasions the slight distinction 

1 See Nature, May 15, 1890. 
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they make between red and green, aided by good luck, may be 
sufficient to avoid accidents. The methods of testing and discov- 
ering this defect are various, but they all depend upon matching 
colors and avoiding the use of color-names in the process. There 
are all degrees of the defect, from a tendency to confusion of dark 
greens and reds and a hesitation in deciding between them, to 
absolute indistinguishability of pronounced shades of them. The 
necessity of an examination in all posts in which color-distinction 
is necessary is now recognized, and governmental regulations 
upon the matter have been largely adopted. It may be advisable 
to add that there is a form of imperfect color-perception not at all 
related to color-blindness, but sometimes confused with it. It is 
simply a lack of practice and of training in color-distinctions. 
It is quite surprising with what ignorance of colors and their 
various shades children may grow up. This is a thing that may 
be taught, and is now frequently introduced into primary educa- 
tion. 


NOTES AND NEWS. 


' AMONG the geographical expeditions which are decided upon 
for next summer in Russia, one is of unusual interest, that to the 
Black Sea. The physical features of this important and deep ba- 
sin are so little known that we have little information on the 
depth at even a short distance from the shore. As to the tem- 
perature, salinity, etc., of the water at great depths, we have 
only a few observations along the eastern coast by Professor Lap- 
schin, and near the entrance to the Bosporus by Count Admiral 
Makarow. Last winter, Professor Klossowsky and Dr. Andrus- 
sow, in a memoir addressed to the council of the Imperial Russian 
Geogrgphical Society, showed clearly the importance of an inves- 
tigation of the deeper part of this sea. It was warmly supported 
by the society, and the Ministry of Marine sends a vessel for this 
purpose on a cruise of a month’s duration. The nautical part of 
the scientific work will be under the direction of Capt.-Lieut. 
Spindler, while the Geographical Society sends Drs. Wrangell, A. 
Woeikof, and Andrussow, the last mentioned of whom will have 
charge of the botany and zodlogy. 


—The Elizabeth Thompson Science Fund, which has been es- 
tablished by Mrs. Elizabeth Thompson of Stamford, Conn., ‘for 
the advancement and prosecution of scientific research in its 
broadest sense,” now amounts to twenty-six thousand dollars. 
As accumulated income will be available December next, the 
trustees desire to receive applications for appropriations in aid of 
scientific work. This endowment is not for the benefit of any one 
department of science, but it is the intention of the trustees to 
give the preference to those investigations which cannot other- 
wise be provided for, which have for their object the advance- 
ment of human knowledge or the benefit of mankind in general, 
rather than to researches directed to the solution of questions of 
merely loca’ importance. Applications for assistance from this 
fund, in order to receive consideration, must be accompanied by 
full information, especially in regard to the following points: 1. 
Precise amount required. Applicants are reminded that one dol- 
lar is approximately equivalent to four English shillings, four 
German marks, five French francs, or five Italian lire. 2. Exact 
nature of the investigation proposed. 38. Conditions under which 
the research is to be prosecuted. 4. Manner in which the appro- 
priation asked for is to be expended. All applications should’ 
reach before December, 1890, the secretary of the board of trus- 
tees, Dr. C. S. Minot, Harvard Medical School, Boston, Mass., 
U.S.A. It is intended to make new grants at the end of 1890. 
The trustees are disinclined, for the present, to make any grant 
exceeding three hundred dollars: decided preference will be given 
to applications for smaller amounts. A list of the grants hitherto 
made, amounting to about six thousand dollars, is given in a cir- 
cular just issued by the trustees. 


—The American Swedenborg Printing and Publishing Com- 
pany of this city are issuing the more important of Swedenborg’s 
writings in clearly printed pocket volumes. ‘Angelic Wisdom 
concerning the Divine Love and the Divine Wisdom,” the latest 
issue from their press, is a model of neatness and of good kook 
making. 
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THE TORNADO: THEORIKS; OBJECTIONS. 
[Continued from p. 356.] 


Professor Davis says, further, ‘‘ It is a mistake to say that 
the latent heat, when liberated, will warm the air enough to 
allow the condensed vapor to evaporate again; forthe latent 
heat is completely expended in the work of pushing away the 
air that surrounds the ascending expanding mass, and there- 
fore cannot be applied to any other task. Hspy made this 
error for a time, but afterwards corrected himself. It is re- 
grettable to see the error now revived by Hazen.” Iam 
sure no one could ask for a stronger confirmation of his 
views than this from an opponent. If the above argument 
amounts to any thing, it declares that the latent heat of con- 
densation would certainly immediately re-evaporate the 
moisture, unless it were used up in performing work. If it 
is used for this purpose, it certainly and most emphatically 
cannot be used for causing a rarefaction in the cloud, and 
for increasing the energy of the tornado. Professor Davis 
is entirely wrong in his allusion to Espy. Iam inclined to 
think that even Espy, with all his disadvantages, was too 
well informed to adopt such a doubtful and visionary idea as 
this of effective work performed in the free upper air. 
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is not one scintilla of evidence that he ever considered this 
question, except, possibly, to deny that any thing of the 
kind was to be thought of. 

I challenge Professor Davis, or any one else, to show by 
Espy’s writings that he disposed of any of his heat on this 
hypothesis, or that he ever thought that the latent heat would 
re-evaporate the moisture. He very quickly saw that the 
liberation of so much latent heat as his theory called for 
would heat up the air enormously, and was forced'to dispose 
of it by radiation into space. Itis probable that the amount 
of energy made effective by this so-called ‘‘ work” in the 
free upper air is infinitesimal as regards the development of 
force. The explosions that Espy made in his nephelescope 
caused the air to rush with a velocity of perhaps a thousand 
feet per second. This enormous velocity caused a sufficient 
cooling to produce a cloud, which, however, was quickly 
evaporated. All reliable experiments have shown that the 
expansion of saturated air at velocities probably at least ten 
times as great as can ever occur in nature does not produce 
any cloud; and we see the reason for this in the fact that 
the latent heat made sensible does not permit the formation 
of cloud, for the condensing moisture is re-evaporated before 
it becomes visible. | 

It is a very significant fact, and one that has been borne 
in upon me with no little force by conversation with others, 
that Ferrel has introduced a long general discussion of this 
question of work performed by expanding air in his two 
lastest treatises, but has nowhere made this theory available, 
or even discussed it, in connection with the generation of 
storms or tornadoes. It would seem as though the amount 
of effective energy ought to be computed very closely, and 
its proper place given it. It is probable that an ascending 
cylinder of air a hundred miles in diameter would not pro- 
duce any effective energy or any expenditure of heat in its 
centre from this cause. I am inclined to think that the 
total energy that can ever be developed from an ascending 
mass of saturated air is no whit greater than what may be 
called the balloon effect. If a hot-air balloon rises in the air 
at the rate of ten~ feet per second, it has carried a certain 
weight, say three thousand pounds, to twenty thousand feet, 
and there we have potential energy; but, if the balloon de- 


‘scends at the same rate, there will be no display of extraor- 


dinary force. If, instead of the confined mass of enormously 
heated air, we had a mass of air heated a few degrees above 
the surrounding air, it would rise; but here the air would 
spread over a great space, and we would not have the con- 
centrated potential energy that we had in the balloon. To 
say that this air had any power of producing effective en- 
ergy, or even to say that it could have arisen at all without 
the corresponding descent of nearly an equal amount of 
cooler air, is highly problematical. | 
4,5. GYRATIONS IN THE UPRUSHING AIR AND A VIOLENT 
InRUSH.—We have already seen that the evidence for these 
gyrations is exceedingly contradictory, and the weight of 
evidence is overwhelmingly against them. It would almost 
seem as though this theory were introduced to avoid a seri- 
ous difficulty; at all events, we hear nothing of it for nearly 
forty years after the first studies. It is plain that a partial 
vacuum, if there were one, would be filled at once by the 
air rushing from all sides, Has this theory been invented to 
provide a whirling mass having sufficient consistency to keep 
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out the inflowing air? This theory really proves too much; 


for, if there is this enormous centrifugal effect producing a> 


partial vacuum, how is it possible for moist air to dow in 
against the centrifugal effect? The theoretical explanation 
that there is friction at the earth’s surface, which breaks up 
the centrifugal effect at that point, is exceedingly unsatis- 
factory. | ee 

It is given as a proof of this vacuum, that ‘‘corks fly from 
empty bottles.” I have searched the tornado literature 
through and through, and have not found a single well- 
authenticated case of this phenomenon. The questions 
naturally arise, ‘‘Why were corks put in empty bottles?” 
also ‘‘Why did not the corks fly from the full bottles?” It 
is probable that empty bottles and corks were found in a 
cellar, and the theory could have very easily arisen that 
they had met with a separation. It would be very interest- 
ing to have aconfirmation of this fact. Itis said that whole 
houses sometimes burst from the passage of this partial 
vacuum. We have already advanced an explanation of 
this. ; 

It should be noted that nearly all pictures of tornado-fun- 
nels make them exceedingly circumscribed, perhaps not 
more than ten feet across at the tip (see Fig. 1). The earli- 
est representation of a tornado-cloud is very different from 
this, and it is probable that the imagination has had alto- 
gether too much to do with all these later pictures. “It is to 
be hoped that wherever possible, in future drawings, there 
will be given‘some idea of the size of thé funnel. If houses 
are affected, the funnel should be at least from a hundred 
to two hundred feet across at the earth. A remarkable evi- 
dence of the desire for showing a gyration in a tornado-cloud 
is to be found in the quotation regarding the Gentry County 
tornado, from Professor Ferrel’s last book, at p. 354. This 
statement was of an observation in which it was claimed 
that trees on the north side of the track were thrown to the 
west and south-west. As shown in Fig. 2, this is exactly 
the way trees ought to be thrown, if this theory of a gyra- 
tion is a correct one. This is the only instance, if we grant 
its authenticity, in which, out of a hundred or a hundred 
and fifty reports of this phenomenon, trees were ever thrown 
this way. The evidence of this kind is overwhelmingly in 
favor of the supposition that there is no gyration. 

6. ORIGIN IN THE CLOUD REGION.—There can be no doubt 
that the tornado originates in the cloud region; but to say 
that this must be from an unstable equilibrium at that point, 
is a violent assumption. The sun, contrary to theory, un- 
doubtedly heats up a cloud so that there is a steady increase 
of temperature with height, as shown by balloon observa- 
tions; but there is no unstable equilibrium, though theory 
indicates that this should be enormous under these condi- 
tions. The tornado frequently arises after sunset, when 
there is no abnormal heating of the cloud. This transfer of 
the primitive impulse from the earth to the cloud is very 
significant, and seems,to have been done to avoid a diffi- 
culty; which, however, has been increased rather than 
avoided. The hypothesis that such a disturbance, after 
starting in the cloud region, is transmitted through friction 
to the earth’s surface, seems a little strained, when we re- 
flect, that, according to computation, it would require more 
than twenty years for such transmission through a depth of 
three hundred feet. 
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7. A PROGRESSIVE MoTION IN THE DRIFT OF THE UPPER 
CURRENT. —If the general storm motion is in this drift, it 
certainly seems impossible to ascribe that of the tornado to 
the same. The tornado moves with a velocity fully double 
that of’ the general storm, and it is probable that the centre 
of its motion is not more than half the height of the former; 
and, as it is known that the velocity of the current increases 
rapidly with the height, it is safe to say that the drift at the 
‘‘ power ” of the tornado is not more than half that in the 
case of the general storm. It is also impossible to account 


for the motion of the tornado for more than a hundred 
miles, unless it has its own generating force, through the 
drift of the upper current. 


| If the cloud is about three 
thousand feet high (not an underestimate), the motion of 
the upper part will approximate double that of the lower, — 
and, in spite of the utmost centrifugal action, it would in a 
few minutes be torn apart. The hypothesis that the upper 
part breaks off, and re-forms itself in front, and afterward 
communicates its gyrations to the earth through a friction- 
less medium, must be regarded as one of the most strained 
that was ever advanced. This would break up the abso- 
lutely necessary continuity of the vertical ascending current, 
and would be fatal to the whole tornado theory. 

8. A SIMILARITY BETWEEN THUNDER-STORMS AND TORNA- 
DOES.—This view was advanced prominently in 1884, and in 
the past few years has become a most important factor in all 
discussions. It demands a notice by itself, which will be 
given later. 

It will be asked, Is not the foregoing a too severe setting- 
forth of the general weakness of tornado theories? Is not 
there some good to be gotten out of such theories, even if 
there are some points not fully settled ? I leave the ques- 


_ tions where they stand. Ihave not tried to overdraw the pic- 


ture. The essential weakness of such theories is a starting 


from insufficient data and reasoning regarding most com- 
plex motions in a region in which we have hardly a dozen 
reliable records. It may be put down as an undoubted fact 
that no great advance can be hoped for in such studies, ex- 
cept the abandonment of these theories, until we investigate 
carefully the region where all these disturbances are devel- 
oped. H. A. Hazen. 


ON THE GROUP OF METEORITES RECENTLY DISCOV-— 
ERED IN BRENHAM TOWNSHIP, KIOWA COUNTY, 
KAN. 


AxsouT four years ago the farmers of Brenham Township 
ploughed up a number of heavy objects, which they used to 
weight down haystacks and for other such purposes, as they 
would have used bowlders. It was discovered in March last that 
these were not common rocks, but an interesting group of mete- 
orites, numbering over twenty in all, weighing together about 
2,000 pounds, and individually from 466 pounds down to one ounce 
each. They were found embedded ata slight depth in the soil, . 
which here, for about one hundred feet in depth, is formed of a 
pleistocene marl, originally the bottom of an ancient lake, scat- 
tered over a surface over one mile in length; principally, however, 
in a square of about sixty acres. 

What is now Kiowa County, Kan., five years ago formed parts 
of Edwards and Comanche Counties, and was occupied by large 
ranges and cattle-ranches. Brenham Township, or Township 27 
as it was then called, is in the north-western part of Kiowa 
County, is covered by a high prairie with some areas of sand-hills, 


1 First announced at the New York Academy of Sciences, April 7, 1890. 
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and has an altitude of about 220 feet above sea-level. Some 
drains of the head waters of the Medicine River and its tributaries, 
farther south, become ravines and valleys; and there a gravel 
occurs, the débris of miocene ‘‘ Loup Fork” conglomerates. But 
on the high prairie not a stone of any kind is to be found: hence 
the ranchmen and settlers were greatly surprised at finding heavy 
rocks or stones projecting through the prairie sod. 

Several years ago, Mr. Davis, a lawyer at Greensburg, identitied 
these as meteorites; and although the farmers had known this for 
a long time, yet, strange to say, no importance was attached to 
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The history of some of these pieces is quite remarkable. The 
35.72-pound piece was found on the Evans place, was lost, and 
again found in a hole made by some hogs under a barbed-wire 
fence. The 75-pound mass was used by Mrs. Kimberly to hold 
down a cellar-door or the cover of a rain-barrel. No. 3 was used 
to keep down a stable-roof. The 466 pound mass (called by the 


farmers the ‘‘ moon meteorite ”) was covered by only three inches 
of soil, and broke a ploughshare when it was struck. Appar- 
ently none of the masses were buried to a greater depth than five 
or six inches. 


FIG. 1.— PRAIRIE LAND, KIMBERLY FARM. 


them until Mrs. Kimberly applied to Professor F. W. Cragin, of 
Washburn University, in the early part of March. It was not 
until the 13th of March that Professor Cragin secured four of these 
masses. 

They were nearly all found by being struck by mowing-machines, 
ploughshares, corn-cultivators, or other farm implements. Over 
twenty distinct masses have been reported; but it is very evident, 
from the weight and other facts, that some have been noted sev- 
eral times over. 
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The 101.5-pound, the 71.5-pound, and the 55-pound masses were 
found four years ago by a cowboy, when the ranch had not yet 
been occupied by settlers, and was simply used as a cattle-range. 
He was unable to move them to the ‘‘Green’s Stage Station,” now 
Greensburg, eight miles distant, and so buried them in the gulch 
a mile north-west of the ‘‘ Francisco Claim.” About a year after- 
ward he became ill, and died; but before his death he communi- 
cated the burial of the ‘three strange rocks,” as he called them, 
to two of the settlers, who succeeded in finding them and bringing 


ail tes. 
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FIG. 2.—TOWN MAP BRENHAM TOWNSHIP. 


(The asterisk denotes the spots where meteorites were found.) 


The townships are reckoned from the base-line, the 40th parallel; 
and the ranges, from the 6th principal meridian, which crosses 
Kansas about longitude 97° 30’ west of Greenwich. 

Brenham Township (27) is made up of thirty-six sections, each 
one mile square, numbering from No. 1 to No. 36. The meteor- 
ites seem to have been scattered north-east and south-west, and to 
have covered an area over one mile in length. Some of the mete- 
orites fell on the east half of the north-west quarter, Section 27, 
Township 28, Range 17, west of the 6th principal meridian. 


them to the new town of Greensburg about a year after his death, 
The 55-pound mass was carried over by a neighbor, who used it 
to weight down his haystack. 

Professor Snow of Lawrence, Kan., visited Kiowa County sev- 
eral times, and the last time obtained the 101.5-pound mass in the 
streets of Greensburg, the county seat, where it had lain for several 
years in front of a lawyer's real-estate office. 

The exterior of all the masses shows the characteristic pitting. 
The surfaces have all been more or less oxidized by exposure to 
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the elements, showing that the fall is not recent, and that the 
original mass was made of crystalline iron as well as of iron filled 
with crystals of olivine: in other words, the masses show two dis- 
tinct groups. Of these, the 345-pound and the 75-pound ones are 
nickeliferous iron of a highly octahedral structure and cleavage, 
and are caillites, while the others are meteoric iron containing 
olivine, and belong to the group known as ‘ pallasites.” 

The largest mass, a pallasite, weighs 466 pounds, or 211.818 
kilos. It is thick, slightly flattened, triangular in form, somewhat 
heart-shaped, and measures through the longest part 61 centime- 
tres, or 244 inches; across the widest part, 48 centimetres, or 19 
inches; and in the thickest part, 87 centimetres, or 143 inches. It 
is covered with large indentations measuring 106 x 3 centimetres. 
The coating is more or less oxidized, but the olivine is perceptible 
in all parts of the mass. 

The dimensions of the 345-pound mass (156.818 kilos) are 
60 x37 x 29 centimetres, or 282144114 inches. It is slightly arch- 
shaped, is an iron with many pittings, and shows the characteristic 
magnetic oxide of iron crust. 

The 211-pound mass (95.909 kilos) is somewhat rounded, witha 
circular depression on one side. 

There are two masses weighing 125 pounds (58.863 kilos) and 
54.96 pounds (25.084 kilos) respectively. 

The 101.5-pound mass (46.136 kilos) is almost round, measuring 
35 X 26X27 centimetres (1382x 104102 inches). The exterior is 
evenly pitted, and the centre of each pitting is an olivine crystal. 

The 75-pound one (84.09 kilos) is an iron, and measures 
32 22415 centimetres (124845 inches). Itis in shape likea 
pear or ham, covered with large pittings. The crust has been 
changed somewhat by weathering. 

The 71.5-pound mass (82.485 kilos (measures 27x23 X22 centi- 
metres (104X988 inches). It is a jagged, irregular square, and 
shows olivine crystals all over the exterior: 

The 60-pound mass (27.272 kilos) measures 36x21 X17 centime- 
tres (1448xX6% inches). It is an elongated, rounded piece, with 
one large flat side showing large spaces filled with olivine. 

The 40-pound mass (18.181 kilos) measures 22X21 21X13 cen- 
timetres (83 84X84 x 54 inches). It is of irregular shape, with one 
large projecting point. 

The 36-pound mass (16.363 kilos) measures 22 x 22 x 16 centime- 
tres (84 x 84 x 6} inches). It is a flattened spheroid, containing 
some olivine, but almost entirely iron, showing large pittings like 
the 75-pound or the 345-pound masses. 

There are also about a dozen small masses weighing 12, 7, 6, 5, 
8, and 1 pounds each, and a few weighing only one ounce each. 
The 211 and 6 pound masses belong to the University of Minne- 
sota; the 125-pound mass, to Harvard University; the 54. 96-pound 
mass, to the University of Kansas; the others are in the collection 
of the writer. 

The specific gravity of the masses is very variable, and was 
found to be as follows: of the 6-pound mass, 5.17; 40-pound mass, 
6.41; 71.5-pound mass, 5.22; 75-pound mass, 7.27; 345-pound 
mass, about the same density as the 75 pound mass; 466-pound 
mass, about the same density as the 71.5-pound mass. 

The following analyses of the Kiowa meteorite were made by 
Mr. L. G. Eakins in the laboratory of the United States Geologi- 
cal Survey :— 
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100.36 


The specific gravity of the iron freed from olivine was found 


to be 7.93 at 23.4° Celsius; 


of the olivine, 3.376 at 23.2°. 
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The iron is brilliant white, enclosing the troilite, and surrounding 
the olivine crystals. Occasionally small etched surfaces show deli- 
cate figures like that of the Linnville Mountain meteorite. 

Troilite exists plentifully in rounded grains from one to five 
millimetres in diameter, and in thin folia mixed with and sur- 
rounding the olivine crystals, as well as running into and filling 
small spaces in the body of the iron, either as flat plates or 
rounded masses. Several flat circular plates (crystals?) of graph- 
ite two millimetres in diameter were observed. 

The olivine crystals are very brilliant, and break out entire, the 
faces on many of them being distinct enough to measure the an- 
gies. The spaces from which they break are highly polished, 
showing every crystal face with a mirror-like polish; and in the 
centre there is a coating of a shining black mineral that is jet 
black in color, and crushes into a jet black ‘powder. 

Many of the olivine crystals are in two distinct zones,—the inner 
half a bright transparent yellow, the outer a dark brown iron- 
olivine.. In reality this dark zone is an intimate mixture of the 
troilite and the olivine, as the analysis by Mr. Eakins and a mi- 
croscopical examination of the crystals by Mr. J. 8. Diller of the 
United States Geological Survey fully proved. 

This group of meteorites, which has recently come to me for 
description, possesses more than ordinary interest, on account both 
of the peculiar composition and structure, and also of the un- 
doubted ethnological relation. It is especially interesting because 
of its probable connection with the meteoric iron found in the 
Turner mounds. 


FIG. 8.—SECTION OF METEORIC IRON. 


In the spring of 1883, Professor F. W. Putnam found on the 
altar of mound No. 3 of the Turner group of mounds, in the Little 
Miami valley, Ohio, several ear-ornaments made of iron, and sev- 
eral others overlaid with iron. With these were also found a 
number of separate pieces that were thought to be iron. They 
were covered with cinders, charcoal, pearls (two bushels were 
found in this group of mounds), and other material, cemented by 
an oxide of iron, showing that the whole had been subjected toa 
high temperature. On removing the scale, Dr. Kennicutt found 
that they were made of iron of meteoric origin.! One of the pieces 
weighed 28 and the other 52 grams. 

In the autumn of 1883 a mass was found on the altar of mound 
No. 4 of this same group, which weighed 767.5 grams (27.20 
ounces). Dr. Kennicutt suggested that these were all parts of 
some larger meteoric mass. The results of the investigation were 
published in connection with the description of the Atacama me- 
teorites, because in structure they approached more closely to the 
latter than to those of any other occurrence known of at that 
time. In the Liberty group of mounds in the same valley, Pro- 
fessor Putnam found acelt five inches long, and in another of 
the Turner mounds an ornament five inches long and three inches 
wide, made also of the same meteoric iron. 

The Carroll County meteorite was found in 1880, about three- 
quarters of a mile from Eagle Station, Carroll County, Ky., ten miles 
from the mouth of the Kentucky River, and about seven miles in a 
direct line from both the Kentucky and the Ohio Rivers. The dis- 
tance to the Turner mounds, where Professor Putnam found the me- 
teoric iron and the ornaments made of it, is about sixty miles. 
The mass, which weighed about 80 pounds, or 36.5 kilos, was 
rusted on the surface to a depth, in some places, of 10 to 12 milli- 

1 16th and 17th Reports of the Peabody Museum of Archeology, p. 382. 
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metres; and deep pits, some 2 centimetres across, are observed in 
spots where grains of olivine have probably dropped out. The 
meteorite was largely made up of fine yellow transparent olivine, 
resembling that of the famous Pallas iron, with a specific gravity 
of 4.72. 

Taking the specific gravity of the iron at 7.6, and that of the 
olivine at 3.3, we find that the Turner mound meteorite consists 
of about three parts of olivine toone of iron. Several of the Kiowa 
masses have about the same constitution. For comparison, see 
the analyses of the olivine and iron from the Turner mound,' here 
given, and of the Kiowa meteorite, given above. 
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When the Carroll County iron was described by the author in 
the American Journal of Science (vol. xxxiii., March, 1887), it 
was suggested that the pieces of the meteorite found by Professor 
Putnam in the Miami mounds had probably been taken from that 


FIG. 4.—TURNER MOUND METEORITE. 


mass, since no other olivine meteorite had up to that time been 
found in North America; while that of Carroll County contained 
a large percentage of olivine, even greater than the Little Miami 
specimen. Very little cutting had then been done on the Carroll 
County mass; and it proved, on being cut, not to be a pallasite, 
but a brahinite variety of meteorite. In the Little Miami valley 
meteorite are embedded circular grains or crystals of olivine; 
whereas that of Carroll County consists of a mass of olivine in 
which the iron serves as a filling between the crystals. When a 
section was cut from the Kiowa County material, however, there 
appeared no doubt as to the identity of this fall with that of the 
mass from which the ear-rings were made which were found in 
themound. In both the Kiowa County and the mound specimens 
the body of the meteorite is iron, in which are embedded circular 
masses or crystals of olivine. The fact that in connection with 
the large Kiowa County masses a number of small portions, 
weighing from half a pound to six pounds each, were found, 
makes it very probable that a small mass, weighing perhaps three 
or four pounds, had been: conveyed by the Indians to the Ohio 
valley. Probably the two ear-rings in the collection of Mr. War- 
ren K. Moorehead, which were recently found by him at Fort An- 
cient, O., may have been made from a part of the mass weighing 
767.5 grams, which is now in the Harvard University collection. 
I must here express my indebtedness to Professor F. H. Snow 
for information, and particularly to Professor Robert Hay for aid- 
ing me in procuring many of the meteorites and assisting espe- 
cially to obtain exact data by visiting the place of finds, and to 
secure the illustration; as also to Mr. L. G. Eakins for making, 
and to Professor F. W. Clarke of the United States Geological Sur- 
vey for his courtesy in having made in the Survey Laboratory, 
the analyses of the iron and olivine of the Kiowa County meteor- 
ite. GEORGE F. KUNZ. 


1 Kennicutt, 16th and 17th Reports of the Peabody Museum of Archeology, 
p. 382. 
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LETTERS TO THE EDITOR. 


*,* Correspondents are requested to be as brief as possible. 
is in all cases required as proof of good faith. 

The editor will be glad to publish any queries consonant with the character 
of the journal. 

On request, twenty copies of the number containing his communication will 
be furnished free to any correspondent. 


The writer’s name 


The International Congress of Geologists. 


WILL you kindly permit me to publish my correction of an er: 
roneous statement on p. 461 of the last (May) number of the 
American Naturalist? I fear that it will be quoted by other pe- 
riodicals, to the injury of those who are quite innocent. The 
statement is to the effect (1) that the director of the United States 
Geological Survey, Major Powell, moved that the meeting of the 
International Congress of Geologists appointed for Philadelphia 
should be held in Washington; and (2) that the motion was car- 
ried in committee by the votes of members of the United States 
Geological Survey, who were present in such numbers as to con- 
stitute a working majority of the committee. 

The statement is particularly unfortunate, and unjust to Major 
Powell, seeing that he was not the mover of the resolution, and 
that he voted against it, after speaking against it, giving his rea- 
sons why he was strenuously opposed to the congress meeting in 
Washington. Asa member of the American committee of ar- 
rangements for the congress, I was present at the meeting in 
Washington at which the voting took place, and can therefore 
testify to Major Powell’s opposition, both then, and afterwards in 
conversation. Furthermore, I take upon myself the responsibility 
of the change of the meeting-place of the congress from Philadel- 
phia to Washington, if such a change occurs: for I made the first 
motion; namely, that the local Philadelphia sub-committee (of 
which I had been made, against my protest, chairman) be dis- 
charged; which motion was carried. After some discussion, the 
next motion was then made (not by Major Powell), not that the 
congress should meet in Washington instead of in Philadelphia, 
but that the secretary of the committee should be instructed to 
express the sentiment of the committee (that the congress should 
meet in Washington, and not in Philadelphia) to the secretary of 
the executive bureau of the congress in London, in which alone 
power was vested ad interim to discuss and decide such points. 
It was understood, that, if a majority of the American committee 
should express such a sentiment, the bureau abroad would be 
pretty sure to order the change of place of meeting. Major Pow- 
ell opposed such an expression of sentiment, and urged that noth- 
ing should be done by the American committee to cause such an 
action abroad. I myself urged that there were reasons for my 
belief that a meeting in Philadelphia would be a failure, and 
gave the reasons; and I stand ready to repeat them, in Science 
or elsewhere, if called upon to do so. What I wish to say here, 
however, is that Major Powell, instead of advocating the motion 
and getting it passed by the assistant United States geologists 
present, opposed it, and would have defeated it if he could. In 
fact, it was only passed by a vote of seven to three (if I recollect 
aright), all the other members of the committee abstaining from 
voting either for or against it. By rule of the committee the secre- 
tary was then instructed to obtain by correspondence the votes 
pro or con of all absent members, as, until this be done, the 
chairman of the committee, Dr. Newberry, cannot declare the 
motion either carried or lost. What the bureau abroad will then 
do about it, no one knows. My own hope is that the bureau will 
revoke the order for an American meeting of the congress, and 
appoint some European capital instead of either Philadelphia or 
Washington. But, if there must be a meeting next year in 
America, I trust that the bureau will see the propriety of holding 
it as usual in the capital of the country, which is also, in our 
case as in Europe, the chief centre of physical science. 


J. P. LESLEY. 
Philadelphia, June 7. 


Counting Bacteria. 


I SHALL feel much obliged if observers who have had experience 
with the different methods of counting bacteria in water will give 
their views as to the most reliable method. 


Chicago, June 2. M. D. EWELL, M.D. 
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Triple Rainbow. 


WITHIN a few months we have been twice favored with the 
following rainbow combination. In each case it occurred just 
before sunset. 
one side, and descended into the valley of the Rimac on the other, 
while in the centre was a complete circle of smaller size. The 
point of observation (A) is 6,500 feet above sea-level. To the east 
are mountain-ranges rising to the Cordillera in the background. 
At the times of observation there were high clouds yielding a 


gentle rain, by which undoubtedly the two ordinary arcs were 
caused. At the same time, however, a low, light cloud was 
drifting through the valley between A and 8B, and reaching 
nearly to the observer. 

In this cloud the circle was formed. The indistinct shadow. of 

the observer’s head appeared at the centre (O), and the lower part 
of the circle was slightly obscured by the shadow of his body. 
“The colors of the circle were not so brilliant as those of the arcs 
above. The circle also appeared less distant; but this apparent 
difference of distance was not so marked but that at first glance 
the three bows seemed to belong to the same system. 
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At a point an eighth of a mile nearer the sun, and hence far- 
ther from the cloud, only the two superior arcs were Visible. 
Mount Harvard, Peru, April 26. POLON I. BAILEY. 
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Pictorial Africa, its Heroes, Missionaries: and Martyrs. 
York, Fleming H. Revell. 4°. 


Henry M. Stanley. By ARTHUR MONTEFIORE. New York, Flem- 
ing H. Revell. 16°. '%5 cents. 


THESE two books, both of which are by English authors, are in- 
tended as popular accounts of African discovery. The first, which 
is anonymous, is to a considerable extent a compilation, and gives 
a summary of most of the noted discoveries in the Dark Continent 
during the past hundred years, from those of Bruce and Mungo 
Park down to recent times. Stanley's work is but lightly touched 
upon, while that of Livingstone is described at great length, the 
compiler of the book being much interested in Christian missions, 
The volume contains a good deal of information about the various 
regions of Africa, their inhabitants and products; yet, as we have 
said, the work is popular rather than scientific, and it has the 
defects as well as the merits that popular books are apt to have. 
It is illustrated with a large number of engravings. 

The little volume on Stanley’s explorations is an abler work, and, 
though intended for popular reading, gives, nevertheless, a very 
good account of the various expeditions that Stanley has made, 
and of their most important results. . It opens with a brief history 
of his early life, which shows clearly that the experiences he went 
through in those days helped to train him in the habits of self- 
reliance and ready resource that were afterward to be so useful to 
him and. to the world. His trips to Abyssinia, Persia, Coomassie, 
and elsewhere are briefly noticed, and then begins the story of his 
great discoveries on the Kongo and elsewhere, closing with his 
arrival at Zanzibar with Emin Pacha. Mr. Montefiore’s narrative 
covers all the more important incidents of the various expeditions, 
with special regard to their eee and sai significance, 
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BY 
A. ROCHESTER FELLOW. 
(S. H. SCUDDER.) 
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“The story is a piquant, good-humored, entertain- 


ing narrative of a canoe voyage. A neater, prettier 
book is seldom seen.”’—Literary World. 


“This is a sprightly narrative of personal inci- 
fent. The book will be a pleasant reminder to 
many of rough experiences on a frontier which is 
rapidly receding.”—Boston Transcript. 


‘“‘ The picture of our desolate North-western terri- 
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civilized aspect to-day, and the pleasant features of 
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and conveys a good deal of information in a small compass. As 
a@ popular account of Stanley’s work, it is worthy of commenda- 
tion. 


AMONG THE PUBLISHERS. 


THE latest issues of the Modern Science Essayist, devoted to 
popular evolution essays and lectures, are as follows: No. 25, 
“Evolution of Arms and Armor,” by John C. Kimball; No. 26, 
“Evolution of the Mechanic Arts,” by James A. Skilton; and 
No. 27, ‘‘Evolution of the Wages System,” by George Gunton. 


—D. C. Heath & Co. will soon publish editions of three of 
Moliére’s comedies, —-‘*‘Le Tartuffe,” “Le Bourgeois Gentil- 
homme,” and ‘‘Le Médecin Malgré Lui,” edited by F. E. A. 
Gasc. 


— Readers of ‘‘ Robert Elsmere” will be interested to find in Dr. 
G. P. Fisher’s ‘‘Nature and Method of Revelation,” just issued by 
the Scribners, a chapter devoted to the discussion of the reli- 
gious views of Matthew Arnold as advocated by Mrs. Humphry 
Ward in her novel. 


—The interest in meteorology is on the increase in Russia, and 
by the end of this year or the beginning of next the Geographical 
Society proposes to start a monthly meteorological journal called 
Meteorogiceski Wjestnik. Friends of meteorology are requested 
to inform the society of their intention to subscribe to it. Ifa 
sufficient number of subscribers can be obtained, the journal will 
be started. It will pay great attention not only to bibliography, 
but also to reviews, and extracts from meteorological works in 
Russia and abroad, and to the applications of meteorology to ag- 
riculture, hygiene, etc. 


— One of the popular writers in France to-day is M. Imbert de 
Saint Amand. During the past few years he has written a series 
of interesting biographical volumes relating to the famous women 
of the French Court, which have passed through numerous French 
editions, and are now being translated into English by Mr. T. S. 
Perry for the Scribners. The first two volumes, entitled ‘‘ The 
Wife of the First Consul,” and ‘‘The Happy Days of the Empress 
Marie Louise,” have already been published. The next volume, 
‘¢ Marie Antoinette and the End of the Old Régime,” will appear 
at an early date, and other volumes are in preparation. 


—Mr. George E. Brett, who established the New York branch 
of Macmillan & Co. twenty years ago,and who successfully man- 
aged it until his retirement from duty on the Ist of this month, 
died at his residence in this city on Wednesday, June 11, of con- 
sumption. He had been ailing for several months, but his many 
friends had hoped that his well-earned rest would soon restore 
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him to health. The business of Macmillan & Co. in this city will 
hereafter be carried on by Mr. George P. Brett, who was ap- 
pointed to the management on June 1, upon his father’s retire- 
ment. 


— Dr. Newman Smyth’s new book, entitled ‘‘ Personal Creeds,”’ 
just published by the Scribners, aims to show men ‘‘ how to form 
a working theory of life.” It appeals to the class of individuals 
who, while unable to accept every thing they have been taught 
in religion, would not miss the best faiths implied in right living. 


_ —Following in the line of the large English publishers who 
have opened agencies to the United States comes the announce- 
ment that the Religious Tract Society of London are also about to 
establish a depository in this country. Mr. Fleming H. Revell 
(New York and Chicago) has been appointed sole agent for the 
society, and will supply both the wholesale and retail trade from 
both points. The publications of the Religious Tract Society are 
by no means confined to ‘‘tracts.” On the other hand, they are 
among the largest publishers in Great Britain of fine illustrated 
gift books, works of travel, science, healthy fiction, and popular 
juveniles, as well as most valuable theological and devotional vol- 
umes. 


—The University of Pennsylvania has begun the publication of 
a series of monographs on philosophical themes, the first of which 
is entitled ‘‘On Sameness and Identity,” by George S. Fullerton, 
professor of philosophy in the university. He begins by calling 
attention to the different senses of the word ‘‘same,” and the 
confusion that often flows from not attending to the distinction 
between them. He then proceeds to distinguish what he believes 
to be seven different meanings of the word, explaining each of 
them at such length as seems to him necessary. Having thus set 
forth his own views, he devotes the rest of his work to a criti- 
cism of other thinkers for their ambiguous use of the term, deal- 
ing with various writers from Heraclitus to the present day. For 
our part, however, if we wanted examples of the confusion of 
thought resulting from a misuse of the word in question, or from 
want of attention to its different meanings, it is to the pages of 
Mr. Fullerton’s work that we should go. For instance, there is 
no difference between the second and fourth cases of sameness 
that he enumerates, while in the seventh case there is no same- 
ness at all. The grand defect of the book is that its author has 
bo consistent theory of the ego and the external world. He de- 
nies that we have any immediate knowledge of these things, but 
whether the things themselves really exist or not is a point about 
which he does not seem to have made up his mind; and in conse- 
quence of this his discussion of sameness and identity is full of 
mistakes and inconsistencies. 


A New Method of Treating Disease. 
HOSPITAL REMEDIES. 


What are they? There is a new departure in 
the treatment of disease. It consists in the 
collection of the specifics used by noted special- 
ists of Europe and America, and bringing them 
within the reach of all. For instance, the treat- 
ment pursued by special physicians who treat 
indigestion, stomach and liver troubles only, 
was obtained and prepared. The treatment of 
other physicians celebrated for curing catarrh 
was procured, and so on till these incomparable 
cures now include disease of the lungs, kidneys, 
female weakness, rheumatism and nervous de- 
bility. 

This new method of ‘‘one remedy for one 
disease’ must appeal to the common sense of 
all sufferers, many of whom have experienced 
the ill effects, and thoroughly realize the ab- 
surdity of the claims of Patent Medicines which 
are guaranteed to cure every ill out of a single 
bottle, and the use of which, as statistics prove, 
has ruined more stomachs than alcohol. A cir- 
cular describing these new remedies is sent free 
on receipt of stamp to pay postage by Hospital 
Remedy Company, Toronto, Canada, sole pro- 
prietors. 
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CONTINUOUS.INEXPE NSIVE, RELIABLE. 


ALL IMPURE AND OFFENSIVE ODORS ABSO- 
LUTELY REMOVED. 


Needed in every home, school, 


Each Vaporizer sold charged for use. No care 
except to replenish once in two months at expense 
of 4 to 8 cents, according to size. Three sizes, $3.50, 
$5.00, $8.00. Dlustrated Pamphlet free. 
VAPORIZER COMPANY, 
Chicopee Falls, Mass.; Boston, New York, 

Philadelphia, or Chic 


BOOKS: How to Sell them. 
stating condition, edition, etc., to Science Book 
Agency, 47 Lafayette Place, New York. N. D MOBGES, 47 Lafayette Place, New York 


DO YOU INTEND 10 BUILD ? 
We offer an Atlas of Sensible Low Cost 
Houses, & portfolio 11x14 inches, containing 


handsome illustrations, floor plans, and full 
descriptions of this popular design, and fifty-four 


SELF -ACTING, 


others, ranging in cost from $800 to $7,200. This 
specimen design is for a cottage with seven rooms, 
and costing $1,100. It combines beauty and comfort, 
has two large porches, and is a popular and practi- 
cal working design, having been built several times 
for its estimated cost. 

No matter what style of a house you may intend to 
build, it will pay you to have this book. 

We will send this Atlas, postpaid, on receipt of 
ee $1.—N. D.C. Hodges, 47% Lafayette Place, New 

or 


JUST PUBLISHED. 
POPULAR MANUAL OF VISIBLE SPEECH AND 
VOCAL PHYSIOLOGY. 
For use in epi and Normal Schools. Price so cents. 
Sent free a 4 Post. 
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